Socio-ecological models suggest that many elements of the social environment act as upstream determinants of obesity. This systematic review examined definitions, measures and strength of associations between the social environment and adult weight status. Studies were included if they were: conducted on adults, the outcome was weight status, carried out in any developed country, and investigated at least one social environmental construct. Six databases for primary studies were searched: EMBASE, MEDLINE, PsycINFO, Scopus, Web of Science and the Cochrane Library. We restricted our search to studies published in English between January 1995 and February 2015. An adapted 'Quality Assessment Tool for Quantitative Studies' was used to evaluate risk of bias of included studies. Out of 14,784 screened records, 42 articles were assessed using full-text. A total of 19 studies were included. The strongest associations with weight status were found for social capital and collective efficacy, although few studies found significant associations. There was heterogeneity in the definitions and metrics of social environmental constructs. There is limited evidence that greater social capital and collective efficacy are associated with healthier weight status. The research conducted to date has not robustly identified relations. We highlight challenges to undertaking research and establishing causality in this field and provide recommendations for further research.
Introduction
Obesity is a worldwide public health concern, with increasing obesity rates, particularly in high income countries. [1] Poor diets, physical inactivity and sedentary behaviour are major drivers of obesity, and frameworks such as the ANalysis Grid for Environments Linked to Obesity (ANGELO) have been designed in an effort to conceptualise and understand factors operating at various levels that drive the obesity pandemic through these behaviours. [2] These suggest that there is a dynamic relation between individuals and their broader social environment. Although there is no universally agreed definition, social environment has been broadly defined as 'the environment that influences an individual's behaviour through promoting a sense of social control through the creation of social norms'. [3] It encompasses social determinants of health that can potentially be altered. [4] Social environment can be grouped into five dimensions -social support and social networks, socioeconomic status and income inequality, racial discrimination, social cohesion and social capital, and neighbourhood deprivation. [5] A 2011 systematic review of the influence of built environments on cardio-metabolic risk factors, including obesity, found the strongest associations with community socioeconomic factors, while aspects of social interactions were rarely investigated. [6] Two systematic reviews linking obesity to socioeconomic status have been published [6, 7] but the remaining social constructs that gained prominence in epidemiological research on weight status and obesity have not yet been summarised. [9] [10] [11] [12] The remaining constructs are of a psychosocial nature and include social cohesion [13] ; collective efficacy, [14] social capital, [6] social support, and social networks. [9] The social environment includes the communities to which individuals belong and the policies created to provide order to their lives [5] and varies across contexts and settings. [9] Our aim was systematically to review and evaluate evidence on associations or lack of them between the social environment and weight status in adults.
We also summarise the definitions and measurement approaches used to explore relations between the social environment and weight status, and provide recommendations for future research. By understanding the role of the social environment in weight status, potential targets for policies to prevent increasing obesity may be identified. [12] This review was conducted as part of a European-funded project (SPOTLIGHT) addressing the social and environmental determinants of obesity. [13] 
Methods
The review included published primary research that investigated the association between social environmental constructs and weight status in adults (aged ≥18 years). Six electronic databases: EMBASE, Global Health, MEDLINE, PsycINFO, Scopus, Web of Science, and the Cochrane Library were searched in February 2015. Reference lists of all included papers were searched for articles that had not been identified in the electronic searches. We restricted our search to studies published in English between January 1995 and 15 th February 2015.
Studies were included if they were: conducted on adult populations; the outcome was weight status; investigated at least one 
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Risk of bias assessment
Thirteen studies had a low risk of bias, with the remaining six studies having a moderate risk of bias. Full details of all ratings are provided in Table S2 .3.1.1. Seven studies [12, 15, 19, 20, 27, 28, 30] were rated as 'strong' and twelve as 'moderate' [13, 14, 16-18, 21, 22, 24-26, 29] for representativeness. All studies with the exception of four 'moderate' ones [14, 23, 25, 30] received a 'strong' rating for avoidance of confounding. Eight studies scored 'strong' [16, 18, 20, 22, [25] [26] [27] [28] on data collection, nine scored 'moderate' [12, 14, 16, 17, 19, 21, 23, 24, 30] and two scored 'weak' [13, 15] as they did not provide any information about the validity and reliability of their measures. With the exception of one [26] all studies received a 'strong' rating for the robustness of their data analysis. Seventeen studies showed high quality of reporting and received 'strong' ratings while the remaining two achieved 'moderate' [18, 19] scores in reporting quality.
Definitions and constructs of the social environment
In the included studies the authors distinguished between five social environmental constructs; two studies examined collective efficacy, five social cohesion, ten social capital, and five social support. These definitions and applications of these constructs across the included studies are summarised below:
Collective efficacy
Bjornstrom investigated whether local income inequality was associated with an increased likelihood of obesity and whether collective efficacy mediated the relation. [19] The author refers to Sampson et al.'s definition of collective efficacy as a community social resource that captures the extent to which residents share norms, trust one another and are willing to intervene for the common good. [31] Burdette et al. used the same definition and examine the hypothesis that mothers of young children would have a higher prevalence of obesity if they lived in a neighbourhood that they perceived as having a low level of collective efficacy. [23] 
Social cohesion
Five studies examined social cohesion. [13, 21, 22, 24, 26] Two looked at associations between perception of neighbourhood physical and social environments and weight status [21, 22] ; however neither specified an overall definition of social cohesion, instead referring to measures that have been used as indicators or proxies of social cohesion. 
Social capital
A further ten studies focused on social capital. [12, 13, 15, 17, 18, 20, 25, 27, 28, 30] The aim of the exploratory study by Holtgrave and Crosby was to examine the relation between social capital and obesity and diabetes in the adult population in the USA. The authors conceptualised social capital as a combination of trust, reciprocity, and cooperation among members of a social network, referencing work by Kawachi et 
Measures of the social environment
There was great heterogeneity across studies with regard to the constructs and measures of the social environmental factors. Full details are provided in Table 2 .3.1.2.
Collective efficacy
In accordance with the construct of Sampson et al., Bjornstrom [19] and Burdette et al. [23] examined collective efficacy as a neighbourhood-level measure comprised of aggregated responses to items that capture trust, social cohesion, and the willingness to intervene for the common good among residents.
Social cohesion
The five studies that examined social cohesion all differed in the measures used.
Mujahid et al. assessed social cohesion as neighbourhood-level measure assessed by a social environment score that combined items in four dimensions (greater aesthetic quality, safety, less violent crime and social cohesion) in a factor analysis. Social cohesion was measured using four items based on research by Diez-Roux. [ approximation to trust and social participation Authors refer to community social capital but divide the concept into two questions that measure community rating/trust (How would you rate your community as a place to live?) and social participation (During the past 5 years, have you been active in a coalition or civic group which attempted to address one or more community problems?), which are reviewed separately as county-level measures composed of aggregated responses. 
Social support
Ball and Crawford measured social support as an individual-level measure for weight-related behaviour with eight subscales. These comprised two sets (family/friends) of 18 questions, adapted from Sallis et al. [42] Kaplan et al. measured social support as an individual-level measure assessed using four items that captured whether the respondents felt that they had someone they could confide in, count on, give them advice, or make them feel loved and cared for. The total social support score was derived from the sum of all affirmative responses to the four items. Associations between the social environment and obesity
All studies used BMI to define weight status, with Powell-Wiley et al. [22] and Moore et al. [24] using waist-circumference (WC) as an additional measure. However discrepancies in the definition of weight status were noted. Four studies [13, 21, 24, 26] did not report their definition of obesity, despite using change in BMI as an outcome and drawing links between obesity and social determinants in their findings. Eleven studies [14, 16, 18-20, 22, 23, 25, 27-29] defined obesity as a BMI ≥30kg/m 2 , consistent with WHO guidelines. [1] The remaining three studies either combined both obese and overweight BMI status in their reporting [12] or focused primarily on overweight individuals, [15, 17] using a BMI cut-off of ≥25kg/m 2 as per WHO guidelines. One study [15] defined overweight as having a BMI ≥27kg/m 2 .
A number of associations between constructs of the social environment and weight status were identified as detailed below.
Collective efficacy
From the two studies on collective efficacy only Bjornstrom found that increased levels are associated with a decrease in the odds of obesity. The analysis was interpreted as showing that it exerted an independent and beneficial effect on obesity but did not mediate the relation between inequality and obesity. [19] 
Social cohesion
From the five studies on social cohesion, three found significant associations with obesity. Mujahid et al. found no significant association between neighbourhood social environment and BMI in women, although men with higher social environment scores had a higher mean BMI. This was also the case when social cohesion was investigated separately -men with higher social cohesion had a higher mean BMI. [21] Prince et al. found that the social environment had no impact on female physical activity or overweight/obesity status. However in males, a stronger neighbourhood sense of community belonging was significantly associated with being physically active, whereas lower neighbourhood socioeconomic status and higher voting rates were significantly associated with lower odds of overweight and obesity. [12] Finally, Moore et al. found that in general, point estimates of associations revealed that higher social cohesion was associated with lower BMI for both the home and workplace environments, although associations were not statistically significant for home environment and social cohesion. [24] Social capital
Eight studies examined social capital, and five significant associations were found. Holtgrave and Crosby found that social capital correlated moderately with obesity. It was shown to have a protective effect against obesity. [28] Prince et al. found that higher social capital in males was significantly associated with lower odds of being overweight or obese. [12] Sullivan et al. found that adults who reported that they were involved in neighbourhood clubs, associations, or support groups had significantly decreased odds of obesity. However, race/ethnicity appeared to modify these associations. After further stratification by race/ethnicity, report of involvement in neighbourhood clubs, associations, or support groups was only significantly associated with a decreased odds of obesity among non-Hispanic white adults. [25] Yoon et al. found that greater community social capital on average appears to increase the likelihood of eating fewer calories or less fat to reduce or maintain weight. [27] Kim et al. found that social capital had modest protective effects on obesity.
[30] In Poortinga's study, only trust appeared to be significantly associated with obesity; people with a high level of trust were 14% less likely to be obese than people with a low level of trust. [18] Social support From the five studies on social support, four found significant associations. Ball and Crawford found that perceived social support for healthy diets from family, and sabotage to healthy diets and physical activity from friends, significantly predicted women's current BMI, with higher levels of support and lower levels of sabotage associated with higher BMI. [14] Kaplan et al. found that social support was associated with a lower likelihood of obesity for women, and a higher likelihood of obesity for men. [16] Veenstra et al. found that depth and breadth of involvement in voluntary associations was significantly related to overweight. Greater involvement corresponded to a lower likelihood of being overweight. [15] Kendzor et al. found that social support was inversely associated with negative affect, and positively associated with BMI. [29] Discussion We systematically reviewed literature on associations between social environmental factors and weight status in adults. We found 19 relevant articles with few significant associations between the social environment and obesity, which indicates that the currently available evidence for such associations is weak. A total of 22 associations on social environment and weight status were examined in 19 studies resulting in 13 significant associations. One was consistent with the hypothesis that collective efficacy is related to adult obesity. From the five studies on social cohesion, three found significant associations. Eight studies examined social capital, and five significant associations were found. From the five studies on social support, four found significant associations.
There was a great heterogeneity in the definitions and measures used, which limited the comparability of study results. 'Social environment' is a construct that encompasses many different dimensions so it is not surprising that attempts to simplify it to a single dimension fail to adequately capture the richness of the concept, and are unable to demonstrate the complex associations.
We identified three main possible explanations for a lack of consistent associations: social environmental factors were not well-defined; the design of included studies did not allow for detection of meaningful associations; or there was absence of association between social environmental factors and weight status. The studies identified in this review lacked robust and consistent conceptual frameworks, clear definitions, and distinct constructs. Similar findings were identified in a recent systematic review on obesity interventions targeting social environmental factors, [43] which suggests that these constructs used in adult obesity research are still at an early stage of development.
In the studies included in this review, the authors distinguished between four different constructs, but it is unclear how distinct they actually are. Social capital is the most popular construct, and most of the social capital definitions tended to draw on the work of Putnam [44] Social constructs are complex, so simple proxies are unlikely to capture their complexity. [48] Yet such proxies are often all that are available in the large surveys that have also considered overweight and/or obesity.
For all social constructs, it is important to distinguish between individual and collective characteristics. [49] The mechanisms linking social capital -or related constructs -to obesity may be dependent on the level at which the social factors are measured. In this review, we incorporated studies that measured social capital of individuals on different levels. However, none of the studies in this review studied the contextual effects of social environmental factors, which may be important given the evidence that the influence of micro-level measures of social capital on health vary according to characteristics of the country such as civil liberties and the scale of the informal economy. [50] Only a few studies related neighbourhood-level social measures (e.g. neighbourhoods with high and low social capital) to individual-level obesity. This kind of analysis would be needed to detect any neighbourhood-level (contextual) effect of social environmental factors.
Social environmental constructs depend on specific physical contexts and settings [15] but the measurement approaches in all these studies are based on spatial aggregation of individual responses from surveys at neighbourhood level. [51] In contrast, more recent instruments designed to capture the influence of the physical environment on health combine both objective measures at community level and aggregate perceptions. [52] If the construct measured at neighbourhood level actually operates at a higher level of aggregation, such as city or state, it is not possible to identify meaningful links.
As noted above, there is a distinction between bonding and bridging social constructs; bonding capital refers to social cohesion within a group, while bridging capital refers to social cohesion across different groups. [53] When studying social capital within neighbourhoods, it is important to consider the particular nature of neighbourhood social capital in order to avoid drawing false conclusions about the level at which this social construct acts.
A better understanding of the interactions between social environmental factors and obesity related behaviours could provide useful support for environmental policy actions to tackle obesity. However the evidence base in this review is predominantly of North American origin, with resulting limitations in terms of its applicability to European countries. A particularly serious limitation is the unavoidable predominance of cross sectional studies, which makes the direction of association between social environmental factors and weight status impossible to determine. Additionally, the findings in this paper highlight the lack of consistent definitions, measurements and strong associations of social environmental factors and obesity. In the light of this methodological deficit in the research, it is currently challenging to provide any substantial policy recommendations. Any knowledge translation into the broader policy context will require stronger studies.
Strengths and limitations
The study is a novel attempt to explore definitions, measures and associations between the social environment and obesity. We performed an extensive literature search but only found a small number of studies that met our inclusion criteria. This may be due to the language restriction (English language articles only) as well as the focus only on the adult population, thus excluding studies of children and adolescents. [54, 55] By limiting our review in this way we could assess the definitions and measures used critically and in detail. We used the limiter 'humans only' for our search. While the application of this limit can help to reduce the number of hits, it might also miss results that may have been misclassified in the databases.
We assessed the risk of bias of the included articles. Although the quality tool indicates that the studies were of moderate to strong quality, it seems that they were not particularly strong on some items that were not assessed that may be of importance in this type of research, particularly the use of clear definitions and conceptual foundations. We acknowledge that the adapted quality tool used has some limitations, but it is based on recommendations from a number of authors [56] [57] [58] [59] and is commonly used in obesity research. Definitions and conceptual foundations are difficult to capture in tools for quantitative studies, and may require qualitative interpretation by the researchers.
Conclusions
Research conducted to date on social environmental constructs has not robustly identified significant relations with weight status in adults. Clearer definitions and measurements are needed, as well as further longitudinal research to identify mechanisms through which social environments exert their effects on weight status in adults. Researchers who look into these constructs must collectively reach consensus positions on definitions and frameworks. This review shows that policy recommendations may be premature as the current evidence is inconclusive. Table S2 .3.1.1. Quality assessment of the included studies NB. Scores for risk-of-bias range from 1 (low risk of bias; high methodological quality) to 3 (high risk of bias; low methodological quality). * Study design refers to the distinction between experimental and observational, and cross-sectional and longitudinal studies. Representativeness refers to the extent to which the study population is generalizable to the population it was drawn from. Representativeness II refers to representativeness due to withdrawals and drop-outs in longitudinal designs. Confounding refers to the adjustment for relevant confounding factors in analyses. Data collection refers to the extent in which valid and reliable instruments were used for data collection. Data analysis refers to the methods used for data analysis (for example only descriptive analyses versus more complex analyses). Data reporting refers to the extent in which authors were specific in their reporting about hypotheses and probability values. 
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